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Abstract
1) The incorporation of DL-Iysine-2-C14 into the protein of the muscle tissues of rats was
reduced by thyroidectomy, but that into liver was not significantly affected. 2) The incorporation
of radioactive lysine into the proteins of muscle and liver was increased by L-thyroxine adminis-
tration.
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Several reports1,2,3,4,5 presented from this laboratory have suggested
that the thyroid hormone appears to regulate the utilization of lysine in the
animal body.
This presumption was examined in this communication by using DL-
lysine-2.C14 and it has been found that the incorporation of radioactive
lysine into tissue proteins of rats was decreased by thyroidectomy and in-
creased by thyroxine administration.
MATERIALS AND METHODS
Commercial DL-Iysine-2-C4 was diluted with non-radioactive L-Iysine
to give the final radioactivity of 2 p.c. per mg.
Albino rats of three months old and less than 100 g. in body weight,
which were fed on wheat grain, vegetable and water, were thyroidec-
tomized by the method described in Bomskov's handbook 6• Two weeks after
thyroidectomy, 1 mg. (2 ,aC. ) of radioactive lysine was injected intraperi-
toneally to each rat per day for two days (total 4/l.c.). Hyperthyroid state
of rats (six months old and above 150 g. in body weight) was raised by the
intraperitoneal injection of L-thyroxine (200 ag. per 100 g. body weight
per day) for nine days. On the last two days of thyroxine administration,
2 mg. (4,/J.c.) each of radioactive lysine was loaded in addition, 1 mg. (2
fl'C.) per day.
Twenty-four hours after the second administration of radioactive
lysine, rats were killed by decapitation and exsanguinated. The femoral
muscles and livers were removed and placed immediately into cracked ice.
The weighed tissues were homogenized in 95 per cent alcohol equivalent to
* This investigation was supported by a Grant from the Ministry of Education.
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five times the weight of the tissues. The homogenates were immersed in
a boiling water bath for several minutes and centrifuged at 3, 000 r. p. m.
for 20 minutes. The precipitates were washed twice by ether-alcohol (1 :
1 vIv) and then twice by ether in the same tubes, and dried at room tem-
perature.
For measuring radioactivity of the tissue powder thus obtained, a
fixed weight of materials were placed in the stainless-steel planchets 25 mm.
in diameter and compressed with a stainless-steel pestle so that each ma-
terial has the same thickness, and counted in an end-window Geiger-MUller
counter (Kobe-Kogyo Co. Ltd.). The incorporation rate was calculated by
the following equation;
incorporation rate = (measured c. p. m. - background) X
body weight of a rat
body weight of the smallest rat in each group of experiment
RESULTS
1. Thyroidectomized Rats - In the three thyroidectomized rats it has
been shown that the thyroidectomy causes the decreased uptake of radio-
active lysine in muscle, 12.8 in incorporation rate in average. In the liver
two animals showed a marked decrease in uptake of the labeled lysine,
229.3 and 229.9 in incorporation rate respectively but one animal showed
almost the same level as that of control animals (Table 1), 251.8. As to
the control experiment, in which four rats of the same age were used, the
data, as shown in Table 2, indicate that the incorporation rate is 20.9 in
muscle and 251.1 in liver in average. Subsequently, the decrease in in-
corporation rate of lysine by thyroidectomy was by 3H per cent in muscle
Table 1. Effect of Thyroidectomy on Lysine Incorporation into Rat
Tissue Proteins
Ti"ue I I
I % Chauge
Type of rat Rat I Body weight I Incorporation (compared withNo. (g) rate unoperated
. control rats)
Control 1-4 83.0 20.9
Thyroidectomized 5 65.0 12.9 }Muscle 11 6 60.0 13.7 -38
11 7 55.0 11.9
Control 1-4 83.0 251.1
Liver Thyroidectomized 5 65.0 229.3 }1/ 6 60.0 229.9 -6.2
11 7 55.0 251.8
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Table 2. Effect of Thyroxine on Lysine Incorporation into Rat Tissue Proteins
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Ti..uel
I I Body weight Iloco,oo,.tioo I % Ch.ngeType of rat Rat (compared withNo. (g) I rate unoperated
control rats)
Control 8 177.0 10.1
11 9 159.0 10.1
Muscle 11 10 185.5 8.5
Thyroxine 11 171.0 12.7 }11 12 164.5 12.4 +50
// 13 164.5 17.9
Control 8 177.0 64.5
11 9 159.0 81.0
Liver 11 10 185.5 63.7
Thyroxine 11 171.0 81.6 }11 12 164.5 89.2 +51
11 13 164.5 143.8
and 6.2 per cent in liver.
2. Thyroxine Treated Rats - By the thyroxine administration the
incorporation rate of radioactive lysine into protein was increased by about
50 per cent in both muscle and liver. As indicated in Table 2, in muscle
the incorporation rate of lysine into protein is 14.3 in the treated animals,
while the level of that in control animals is about 9.6 showing the accele-
rated incorporation rate by 50 per cent by treating with thyroxine. In the
case of liver the incorporation rate is remarkably increased in one animal
by administrating thyroxine, 143.8, and moderately in another one animal
and the third animal shows the normal level, showing the increase by 51
per cent in average.
DISCUSSION
DuTOIT7 has reported that the incorporation of radioactive alanine
into the liver slices prepared from thyroidectomized rats was decreased
and was improved by thyroxine administration. SOKOLOFF et a1.8 have
recently demonstrated that the liver homogenates prepared from thyroxine-
treated rats showed the increased uptake of radioactive leucine and the
highest radioactive was found in the mitochondrial fraction of the liver.
These workers seem to have the same view in that the role of thyroid
hormone is to stimulate the energy-requiring processes such as protein
synthesis. Further advanced hypothesis for the mechanism of thyroid func-
tion has been presented by DRABKIN 9, who is of an opinion that the thyro-
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xine regulates the rate of oxygen consumption through the agency of cyto-
chrome c. He has shown in his paper9 that the cytochrome content in the
tissue (especially in muscle) is considerably reduced by thyroidectomy,
while liver regeneration of thyroidectomized rat is not markedly impaired.
As referred in the preface of this paper, previous reports from this
laboratory and the fact that the cytochrome c contains surprisingly a large
amount of lysine as the structural unitlO seem to suggest that thyroxine
may be involved in the tissue respiration through the cytochrome c by re-
gulating the lysine utilization of the tissues.
According to BORSOOK et al.11 the mode of lysine uptake by liver pre-
parations seems to be different from that of the other amino acids such as
glycine or leucine. They have shown that anaerobiosis and dinitrophenol,
which completely inhibit the incorporation of some amino acid other than
lysine into liver homogenates,have a slight or no inhibitory effect on the
lysine incorporation into liver homogenates or liver mitochondria. In bone
marrow cells and diaphragm muscle, however, the incorporation of lysine
was shown to be inhibited by respiratory inhibitors as in the case of the
other amino acids.
Under these circumstances, the author has observed the incorporation
of radioactive lysine into protein in the rat tissues, but the results obtained
are not so different from that of DuToIT and SOKOLOFF et al. In the case
of thyroidectomy, the lysine uptake by muscle tissue was significantly
impaired, but that by liver was almost unimpaired. For the interpretation
of this results, the following should be taken into consideration:
1) The experiment might have been performed under an insufficient
hypothyroid state, because the experiment have been carried out two
weeks after thyroidectomy, which might be too short a period to develop
a marked hypothyroid state.
2) The liver which has the quite high rate of protein turnover may
have lost the incorporated labeled lysine in considerable amount before the
start of experiment.
The urinary excretion of radioactive lysine and its metabolites in these
dysthyroid states will be reported in the following issue.
SUMMARY
1) The incorporation of DL-Iysine-2-C14 into the protein of the muscle
tissues of rats was reduced by thyroidectomy, but that into liver was not
significantly affected.
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2) The incorporation of radioactive lysine into the proteins of muscle
and liver was increased by L-thyroxine administration.
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